1 manipulation influence nest success probability and nest-tending behavior in a wild teleost 2 fish. 3 4
INTRODUCTION
Page 6 hormones (i.e., cortisol). Once validated in controlled experiments, exogenous glucocorticoid 115 (GC) manipulations can be a powerful tool in assessing the effects of stressors and life history 116 variations in wild fishes (Crespi et al. 2013; Sopinka et al. 2015) . Using exogenous cortisol 117 manipulations, O'Connor et al. (2009) experimentally raised cortisol titers in fish to further 118 challenge nesting male largemouth bass. Relative to controls the cortisol-manipulated fish 119 exhibited greater declines in physiological status, showed evidence of immune function 120 impairment, and had higher rates of nest abandonment. However, the authors used a narrow 121 range of fish sizes.
122
Building on the approach used by O' Connor et al. (2009) , we conducted a study to 123 determine the influence of body size and brood size on parental care behaviors and reproductive 124 success, and the extent to which outcomes varied between control and cortisol-manipulated fish. 125 We selected smallmouth bass (Micropterus dolomieu) as a model species because they maintain 126 a presence on their nest for several weeks, allowing ample time for experimentation,, and their 127 stress response, parental care behaviors, and nest success are well characterized in the literature 128 (Ridgway 1988; Hanson et al. 2009b; O'Connor et al. 2009; Dey et al. 2010) . We hypothesized 129 that parental body size, brood size and cortisol level (i.e., experimental cortisol elevation relative 130 to controls), influence parental care behaviors and reproductive success in nesting males. We 131 predicted that the interaction of a large body size and brood size will produce the highest 132 reproductive success and parental investment (in terms of aggression and tending behaviors) 133 given the past reproductive experience of larger (older) fish, the energetic advantages afforded 134 from a large body size, and the potential reproductive value of a large brood. Furthermore, larger 135 fish have comparatively less future reproductive events than smaller (younger) fish, presumably 136 leading them to abandon a brood less frequently. Due to the declines in physiological status and Nest guarding males were located through snorkel surveys using a trained team of 152 snorkelers. If a nest guarding male's length was estimated as falling within appropriate size 153 ranges (i.e., large, > 420 mm or small, < 330 mm), their brood size (egg score) was also visually 154 estimated. Egg score is a qualitative, highly repeatable assessment categorizing egg counts from 155 1 through 5, with 1 being few eggs and 5 being thousands of eggs (Kubacki 1992; Philipp et al. 156 1997; Suski et al. 2003; Zuckerman et al. 2014) . The experimental design of this study 157 purposefully avoided the inclusion of fish with an average body size and brood size, focussing on 158 large and small body sizes and egg scores. Although we did not age fish, in this region the 159 "large" fish would have been ~8 to 14 years old, and "small" fish would have been ~ 4 to 7 years Page 8 based on extensive aging work on a nearby system (i.e., O'Connor et al. 2012) . A large brood 161 size was a nest having an egg score of 4 and 5, whereas an egg score of 1 or 2 was considered a 162 small brood (Kubacki 1992) . Nests selected for the study were randomly distributed in similar 163 habitats (rocky substrate) in 0.5 to 1.5 m water depth.
164
Behavioral assessments were designed to test a guarding male's nest tending and 165 aggression behaviors. Tending was assessed first, followed by aggression. To assess the tending 166 and vigilance, a tending score was developed where each nest guarding male was visually 167 observed by a diver situated > 3 meters from the nest, limiting disturbance to the guarding male.
168
After a 60 s acclimation period, the diver recorded how many times the male was within 1 meter 169 of his nest on 20 s increments for a total of 3 minutes [giving a total possible score of 9; as per 170 Gravel and Cooke (2009)]. An aggression score was developed to test the nest guarding male's 171 defensive aggression towards a common brood predator. Aggression score was assessed using a was minimized (< 20 s) in order to limit stress from capture and exhaustive exercise. No 181 anesthesia was needed to sedate the fish while in the trough given that they were calm when in 182 supine position.
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Cortisol treated fish received 10 mg kg -1 of cortisol (Hydrocortisone 21-hemisuccinate, 184 Sigma Aldrich Corp.) suspended in a cocoa butter vehicle via intraperitoneal injection with a 16-185 gauge needle. Fish were injected with 0.005 mL per gram of fish body weight. Hydrocortisone 186 21-hemisuccinate is commonly used to experimentally elevate cortisol levels and is known to 187 produce post receptor effects comparable to endogenously produced cortisol in teleost fishes 188 (Pickford et al. 1970; Chan and Woo 1978; Foster and Moon 1986, Kiilerich et al. 2007 ).
189
Exogenous cortisol manipulation used in this study is a validated (for the same species, in the 190 same watershed, at the same temperatures, using the same field methods and lab assays, by the Following a protocol adapted from Suski et al. (2003) , all fish received a brood size 206 manipulation using gentle suction with a rubber bulb pipette within 24 to 48 hours after initial 207 behavioral assessment. The delay in performing brood size manipulations was to minimize nest 208 abandonment due to having eggs removed from the nest combined with angling stress and 209 cortisol treatment. Large broods (egg score 4 and 5) were reduced to a small brood size (egg 210 score 1 or 2), while small broods were supplemented from other nests to become large broods. 
RESULTS

246
A total of 93 fish were included in nest success and behavior analyses. Overall, 55 fish 247 ranging from 251-330 mm TL were designated as small fish, while 43 fish ranging from 420-505 248 mm TL were designated as large fish. All fish had their brood size manipulated and a total of 50 249 fish also received cortisol treatment.
250
Nest Success 251
Overall, there was a relationship between nest success probability and cortisol treatment, 252 with control fish (i.e., NC, no cortisol) exhibiting significantly higher nest success probability 253 than fish treated with cortisol (Table 1) . No relationship was evident between nest success and 254 any of the other tested explanatory variables (Table 1 ). In each lake the control fish showed a 255 positive trend between body size and nest success probability regardless of brood size, whereas a 256 negative trend was evident in cortisol treated fish with a large brood size (Figure 1) .
257
Aggression and Tending Scores 258
No relationships were found between aggression score and the tested explanatory 259 variables (Table 1) . For tending score, the coefficient for small brood sizes was significant and 260 the fitted values for this model indicated that fish with a small (experimentally reduced) brood 261 size had higher tending scores (i.e., spent a higher proportion of time within 1 m of their nest) 262 compared to fish with large (experimentally supplemented) broods. Compared to fish with small 263 broods, the tending score of fish with large broods decreased more rapidly with increasing fish 264 size in each of the lakes (Figure 2) . Coefficients for cortisol treatment, fish size, and their 265 interactions were not significant in the model for tending score (Table 1) .
266
Page 13
DISCUSSION
268
This study explored parental body size, brood size, and experimentally elevated cortisol 269 levels, with particular focus on testing the combined interactions of these, as factors influencing 270 reproductive success and parental care behaviors. As predicted, cortisol treatment had an overall 271 negative effect on nest success (Table 1; Figure 1 ). In each lake, males guarding a large brood 272 size exhibited decreased nest success with increasing body size (Figure 1) , though the tested 273 interaction term between cortisol treatment and body size was not significant (Table 1) . Tending 274 score was significantly affected by brood size (Table 1) , with fish guarding small broods 275 exhibiting a higher tending score than those guarding a large brood. The tending score of fish 276 with small broods remained relatively unchanged, while fish with large broods decreased with 277 increasing fish size (Table 1; Figure 2 ). Despite our prediction, no relationships were found 278 between the tested explanatory variables and aggression score (Table 1) .
279
Cortisol-treated fish, particularly larger fish guarding a large brood, tended to exhibit 
322
Parental care behaviors investigated in this study, namely aggression and tending 323 behaviors, are ubiquitous in centrarchid parental care (Cooke et al. 2006 ). None of the tested 324 factors had an effect on nest guarding male aggression (Table 1) . Parental male aggression 325 remaining unaffected by cortisol treatment demonstrates consistency with other black bass 326 parental care studies (O'Connor et al. 2009 (O'Connor et al. , 2011 Dey et al. 2010) . Tending score, measured as 327 time spent within 1 m of the nest, was driven by brood size (Table 1) , insofar that fish with a 328 small (experimentally reduced) brood size exhibited a higher tending score compared to fish with 329 a large (experimentally increased) brood ( Figure 2 ). This was an unexpected result, as black bass 330 are known to decrease parental investment (Ridgway 1989) and increase nest abandonment 331 (Hanson et al. 2007; Zuckerman et al. 2014 ) in response to experimentally reduced broods.
332
However, initial brood size, not tested as an explanatory variable in this study, plays a role in 333 assessing the value of the brood; Zuckerman et al. (2014) found that fish with a larger initial 334 brood size (prior to devaluation) were less likely to abandon than those with a small initial brood 335 size. In this study, fish with a small brood originally had a large brood (egg score ≥ 4), which
Page 16 was experimentally reduced to a much smaller brood size of an egg score of ≤ 2. Interestingly, 337 despite increased parental investment (i.e., nest-tending) relative to fish guarding large broods, 338 fish with a small brood did not exhibit a higher probability of nest success (Table 1) translating to increased human-induced stressors in the littoral zone (Wagner et al. 2006) . In 363 addition, given that black bass are the most popular sportfish in North America, angling-induced 364 stress before or during the parental care period is common (Philipp et al. 1997; Suski et al. 2003) .
365
It stands to reason that the increasing presence of human-induced stressors in aquatic ecosystems 366 will further magnify the stress associated with parental care in this already challenging period.
367
Thus, understanding how reproductive success and parental care behaviors interact with 368 increased GCs (i.e., stress) and life history traits is imperative. Studies such as this one that 369 experimentally manipulate GC levels have the potential to reveal how anthropogenic stressors 370 will mediate parental care behavior (including decisions to abandon a developing brood or 371 forego reproduction), reproductive success and fitness in wild animals. 
